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MA abuse during both intoxication and withdrawal phases, including psychosis (McKetin et al., 2006) depression and increased risk for suicidal ideation (Kalechstein et al., 2000; Zweben et al., 2004) , and bipolar disorder (Shoptaw et al., 2003) . Long-term use often results in considerable disruption in daily functioning, including interpersonal difficulties (Cretzmeyer et al., 2003) , impulsivity (Semple et al., 2004 (Semple et al., , 2005 , and unemployment (Baberg et al., 1996) .
As a psychostimulant, MA has considerable effects on the central nervous system (CNS). After readily crossing the blood−brain barrier (Barr et al., 2006) , MA promotes release of dopamine, norepinephrine, and serotonin (Kokoshka et al. 1998) . Although the exact neurotoxic pathways of MA are not fully understood, potential mechanisms of neural injury include oxidative stress, hyperthermia, and apoptosis. The neurotoxic effects of long-term MA use are most potent in the dopamine-rich fronto−striato−thalamocortical circuits (Cadet et al. 2005) , including the striatum (Volkow et al., 2001a) and prefrontal cortex (Ernst et al., 2000) , but MA-related neuropathology has also been observed in the medial temporal lobe and hippocampal formation (Tobias et al., 2010) , as well as the parietal lobe (Jernigan et al., 2005) . Emergent evidence also indicates that these MA-related effects on the CNS are associated with neurocognitive dysfunction, with upwards of 40% of MA-dependent individuals demonstrating global neuropsychological impairment (Rippeth et al., 2004) . A recent meta-analysis by Scott and colleagues (2007) demonstrated that chronic MA use was associated with a medium overall effect size across multiple cognitive ability areas, with most significant deficits shown in episodic memory and executive functions. A recent study by Henry et al. (2010) illustrated the potential clinical importance of MA-related neurocognitive dysfunction by demonstrating significant impairment on an objective measure of daily functioning ability (e.g., financial and medication management). It is therefore important to understand the specific elements of neurocognitive performance that are affected by chronic MA dependence so that these impairments can be more readily detected and studied in association with functional outcomes.
Episodic memory is a particularly critical neurocognitive ability because of its prevalence and severity of impairment in MA (Scott et al., 2007) and its importance for numerous daily activities (e.g., treatment adherence). The meta-analysis on MA-related neurocognitive effects (Scott et al., 2007) revealed a slightly larger effect size for learning as compared to delayed recall across studies, which was hypothesized to reflect deficient executive control of encoding and retrieval secondary to MA-related toxicity in the prefronto−striatal pathways (McCann et al., 1998; Volkow et al., 2001a) . Importantly, executive dysfunction was another prominent neurocognitive feature of MA dependence revealed by the meta-analysis, likely characterized by poor set shifting and response inhibition (Scott et al., 2007) . Accordingly, the pattern of findings within the domain of episodic memory is consistent with deficiency of higher-level (i.e., executive) processes that is typically observed in frontal system dysfunction. That is, deficient list learning and delayed free recall have been observed in several studies (e.g., Kalechstein et al., 2003 , and Woods and colleagues (2005) extended these findings by specifically examining the component processes of verbal episodic memory in MA-dependent individuals. Utilizing a conceptual model developed by Moscovitch (1992 Moscovitch ( , 1994 , Woods et al. (2005) examined the verbal memory profile of MA users by delineating two components subserving explicit memory that are separable based on their relative roles and underlying neural correlates, specifically the associative/cue-dependent component that is dependent on the temporolimibic system to efficiently create lasting and accessible memory stores, and the strategic component that is reliant on frontal systems to initiate and effectively utilize organizational strategies to enhance encoding and retrieval. The study revealed that MA-dependent individuals evidenced dysfunction of the strategic component processes as evidenced by impaired overall learning (i.e., poor performance on immediate recall trials) and delayed free recall, increased tendency to perseverate on previously generated items from the list (possibly reflecting poor cognitive flexibility), and deficient use of semantic clustering, which is a strategy for imposing organizational structure based on the elements within the list (i.e., categories in which the target words belong) that must be self-initiated (i.e., no instructions regarding semantic clustering are given). These deficits were in contrast to normal performance on associative/cue-dependent processes, including retention, suggesting that there was no evidence of rapid forgetting, recognition discrimination, or accuracy in differentiating target words from foil words on a yes/no recognition trial in which recall demands are minimized.
Although the verbal memory profile has been clearly characterized, there has been little investigation of the profile of visual memory deficits in MA dependence. Visual aspects of memory warrant investigation given that neuroimaging studies have demonstrated abnormal findings within the parietal cortex in MA users, including reduced regional cerebral blood flow (Chang et al., 2002) and alterations in volume (Jernigan et al., 2005) . This region, in combination with parieto−striato−frontal circuits, is involved with spatial cognition (Lawrence et al., 2000) and therefore visual memory could be impacted by disruption in its function. Furthermore, visual memory deficits may result in dysfunction in performing instrumental activities of daily living, including those that are known to be affected in MA-dependent individuals, such as driving and employment.
It may therefore be informative to characterize visual memory performance in MA dependence by examining component processes of visual memory, including strategic and associative/cue-dependent processes that have been shown to be dissociable on verbal memory tasks in MA users (Woods et al., 2005) . Moreover, another aspect of the Moscovitch model posits that the encoding and retrieval strategies are initiated and implemented by the frontal systems not only in response to task demands but also for placing the item information in proper temporal−spatial context (Moscovitch and Winocur, 2002) , and as such this process may play a role in visual source memory, in which units of visual information are linked to contextual features (e.g., location) to construct an intact visual 'episode'. A single dissociation exists between item and source memory such that an individual may recall the item information but not the source information (e.g., Glisky et al., 1995) . For example, an individual may remember a simple visual design but not the location in which the design had been presented in an array (i.e., source memory deficit), which has previously been demonstrated among HIV-seropositive individuals (Morgan et al., 2009 ), a group that has also been shown to have deficient strategic control of encoding and retrieval (Woods et al., 2005) . While item memory has been strongly linked to the medial temporal lobes, source memory (in this case, memory for location) may be especially reliant upon frontal systems functioning because it likely requires self-initiated strategic encoding and retrieval strategies for binding the item and contextual features to promote successful memory performance (Mitchell and Johnson, 2009; Shimamura, 1995) . In fact, studies have demonstrated the single item−source dissociation in several populations with frontal systems dysfunction (Glisky et al., 1995; Pirogovsky et al., 2007) . Furthermore, that item and source memory are reliant upon overlapping but separable neural substrates has been reported by several functional MRI studies that revealed selective altered blood-oxygen-level-dependent activity in the prefrontal cortex, but not the medial temporal lobe, during source memory tasks (Dobbins et al., 2002; Slotnick et al., 2003) , including tasks involving memory for spatial context (Hayes et al., 2004) .
The aim of the current study was to characterize the visual episodic memory profile of individuals with chronic MA dependence. Given that self-initiated strategic processes are dependent upon frontal systems and therefore may be preferentially affected by MA, it was hypothesized that chronic MA users would demonstrate poorer learning and free recall of visual designs in the context of intact retention and recognition discrimination. Furthermore, we hypothesized that interactive effects would be evident such that a disproportionately greater effect of MA dependence would be observed for source memory (location recall) versus item memory (figure recall). To further examine these findings in the context of the cognitive mechanisms at work, the associations between deficient visual memory deficits and measures of executive functions and working memory were evaluated. We also examined potential relationships between the cognitive variables of interest and MA-use parameters to further characterize the effect of MA dependence on visual episodic memory.
Materials and methods

Participants
The sample comprised 114 individuals in the MA-dependent group (MA+) and 110 participants in a comparison group who have never met criteria for MA dependence (MA−). These groups represent a subset of a larger sample (including MA+ and MA− individuals) of participants in an ongoing study funded by the National Institute on Drug Abuse (NIDA) for which participants were recruited from the San Diego community using a variety of outreach measures by a participant accrual and retention team (e.g., advertisements). For determination of eligibility for each of the study groups, all participants were administered the Structured Clinical Interview for DSM-IV (SCID; First et al., 1996) for diagnosis of psychiatric disorders, including substance use disorders, according to the Diagnostic and Statistical Manual-IV (DSM-IV; American Psychiatric Association, 1994) criteria. Interviewers included staff psychologists, postdoctoral psychology fellows, and advanced clinical psychology doctoral students who were trained to criterion standards. Characteristics of MA use, including frequency, duration, and quantity of use, were collected using a semistructured timeline follow-back interview (i.e., chronologically identifying epochs of substance use to obtain detailed information about patterns of use over time).
Recent alcohol or drug abuse (i.e., within the last year) or dependence (i.e., within the past 5 years) represented exclusion criteria for both groups (with the exception of MA abuse or dependence in the MA+ group) in the larger, ongoing NIDA study. Specifically, individuals meeting DSM-IV criteria for the following were excluded: alcohol dependence within the last year or a remote (i.e., >5 years) but significant history of alcohol dependence; drug dependence within 5 years of the evaluation and/or drug abuse within the year prior to the evaluation (with the exception of MA for the MA+ group); remote (i.e., >5 years) but significant history of drug dependence (with the exception of MA for the MA+ group). Exceptions to these exclusion criteria include histories of alcohol or marijuana abuse and marijuana dependence, which are frequently comorbid in MA users and therefore individuals with such histories were not excluded from either study group in order to recruit a representative MA sample and an appropriate non-MA-using comparison group. Participants met inclusion criteria for the MA+ group if they had met criteria for MA dependence in their lifetime, as well as met criteria for MA abuse or dependence within the last 18 months. At least 10 days of abstinence prior to testing was required for inclusion (by self-report) and a urine toxicology screen was conducted for all participants to confirm recent abstinence from all illicit substances with the exclusion of marijuana. For the present study, in order to better evaluate the effect of MA dependence on visual memory performance, the MA− comparison group was specifically recruited to have comparable prevalence of risk factors for MA abuse and dependence (e.g., there was no significant difference in the rate of major depressive disorder between the groups) and other important cofactors (e.g., rate of HCV infection).
Given the emphasis of this study on the neurocognitive effects of MA dependence, individuals with histories of HIV infection, neurological diseases (e.g., seizure disorders, closed head injuries with loss of consciousness greater than 30 minutes, and central nervous system neoplasms or opportunistic infections) or severe psychiatric illnesses (e.g., schizophrenia), all of which may also affect cognitive functioning, were excluded. As shown in Table 1 , the groups were comparable with regard to demographics (i.e., age, education, sex, ethnicity) and estimated premorbid verbal intelligence (all p>0.05).
Materials and procedure
Written, informed consent was obtained from all participants who then completed comprehensive neuropsychological, psychiatric, and medical research assessments that were administered as part of a larger, ongoing investigation.
Visual memory. The Brief Visuospatial Memory Test − Revised (BVMT-R; Troyer et al., 2008) was administered according to standardized procedures described in the test manual. Three learning trials involved presentation of a 2 × 3 array of six simple visual designs for 10 seconds each time, followed by an immediate free recall trial in which the participants were given a blank sheet of paper and instructed to draw the figures as accurately as possible and in their correct location. A delayed recall trial was administered approximately 25 minutes after the third trial was completed, at which time participants were asked to draw the figures from memory. The delayed recall trial was followed by a recognition trial, in which the participants were shown a series of 12 figures including both target and foil figures, and were asked to indicate whether or not each figure had been included in the original array. Lastly, the array was again presented to the participants, who were then asked to copy the figures.
Standardized scoring for the BVMT-R yields immediate learning trial scores that are summed across the three trials to create a total learning score, as well as a delayed recall score, recognition discriminability, and a copy trial score. According to the Benedict (1997) standardized scoring rules, each drawn figure is scored for accuracy (1 point) and placement in the correct location (1 point), with a maximum of 2 points per figure. A figure may receive a point for correct location without receiving an accuracy point. Notably, the accuracy and placement points are collapsed into a single, summed score per trial (maximum of 12 points) and the total learning score is summed across three immediate learning trials (total learning: maximum of 36 points). Given that this does not allow for separate examination of item and location scores, Troyer and colleagues (2008) developed a scoring scheme whereby the points for accuracy and location were scored separately. The current study employed a similar modified system of scoring the standard BVMT-R administration such that drawn figures were scored according to BVMT-R manual criteria (for full-credit points) and the accuracy and location points were independently summed for each immediate learning trial (maximum score=6) and across the three trials (maximum score=18) to yield two of the primary outcome variables for the current study: Item Immediate (based on accuracy points summed across three learning trials) and Source Immediate (based on location points summed across three learning trials). Delay trials were also scored separately (i.e., Item Delay and Source Delay). Another set of scores was calculated by awarding location points only for those figures that received full credit for accuracy and were drawn in the correct location, which was labelled Total Item−Location Accuracy Immediate (TILA Immediate) because it reflects both accurate item and location recall for each figure per trial (i.e., source memory performance in the context of accurate item performance). A similar variable was created for delayed memory, namely Total Item−Location Accuracy Delay (TILA Delay). The difference between the Item Immediate and TILA scores yielded location error scores (i.e., Errors of Location Immediate and Errors of Location Delay). Given that the TILA Immediate and Delay variables restrict the scoring of location points to those figures that received accuracy (i.e., item) points, the discrepancy between the item and total scores reflects the number of figures that were drawn accurately but in the incorrect location.
Neurobehavioural battery. In addition to the item and source memory tasks described above, participants were administered several other standardized neuropsychological tests, including: Stroop Colour-Word Interference Test (Golden, 1978) , Halstead Category Test (Reitan and Wolfson, 1993) , Paced Auditory Serial Addition Test (PASAT; Gronwall, 1977) , Trail Making Test (TMT; Army Individual Test Battery, 1994), Wisconsin Card Sorting Test − 64 Card Version (WCST-64; Kongs et al., 2000) , Controlled Oral Word Association Test (COWAT; Benton et al., 1983) , and Category Fluency (Animals; Gladsjo et al., 1999) . As stated above, psychiatric assessment was conducted using the SCID (First et al., 1996) administered by trained clinicians and advanced trainees to establish lifetime and current (i.e., endorsing clinical symptoms within 1 month of evaluation) diagnoses of psychiatric (e.g., mood) and substance use disorders according to DSM-IV criteria, including MA-use disorders. MA-use characteristics were obtained using a semistructured timeline follow-back interview in order to collect information regarding frequency, duration, and quantity of use throughout the various epochs in the participants' total history of use, and although this information is necessarily self-reported, the structure imposed by the trained interviewers was aimed at collecting as accurate and detailed information regarding substance use characteristics as possible. Participants also completed the Profile of Mood States (POMS; McNair et al., 1981) , a self-report measure of current (i.e, past 7 days) mood states. The POMS Total Mood Disturbance score was used in all analyses, with higher scores indicating greater general affective distress.
Results
Profile of Item Memory
We examined the profile of visual memory indices to evaluate the hypothesis that pattern would be consistent with deficient strategic memory processes (Woods et al., 2005) . BVMT-R scores based on the modified scoring system for the present study are presented in Figure 1 . . Notably, the TILA Immediate score was created as a measure of location information that was correctly associated with item information, but the restriction of location scoring to only those figures with item points resulted in a correlation of 0.99 between TILA Immediate with Item Immediate (p<0.0001). We next examined the Errors of Location variables because they represent the discrepancy between item memory and total memory performance (i.e., figures that received Item Immediate points but not TILA Immediate points due to incorrect figure placement). For both immediate and delay trials, there was restriction of range observed for the error variables in both groups (i.e., Errors of Location Immediate, p=0.52, Cohen's d=0; Errors of Location Delay, p=0.44, Cohen's d=0). Such restricted range in these variables suggests that the collinearity between Item Immediate and TILA Immediate is due to the low prevalence of location errors, or correctly drawn figures placed in the incorrect location. That is, in most cases when an item was drawn correctly, it was drawn in the correct location. In fact, the prevalence of one or more location errors was quite low in both the MA+ (8.8%) and MA− (6.3%) groups. Given that the ceiling effect for the source memory portion of the BVMT-R task resulted in collinearity between the Item and TILA scores and a low prevalence of location errors (observed as a floor effect for the error variable), between-group analyses using these variables were not performed.
Post-hoc evaluation of potential confounds
Follow-up multiple linear regression analyses confirmed that the MA effect remained significant (i.e., MA group status remained a significant predictor) when important psychiatric [i.e., lifetime diagnoses of bipolar disorder and attention deficit hyperactivity disorder; antisocial personality disorder diagnosis; lifetime diagnoses of substance dependence for the following: cannabis, cocaine, and alcohol; self-reported affective distress (POMS Total Mood Disturbance)] and medical cofactors (i.e., HCV infection) upon which the MA+ and MA− groups differed were considered simultaneously as predictors of Item Immediate and Delay (p<0.05); the MA effect was evident at a trend level for the Retrieval Index (p=0.068) in a similar analysis.
Next, planned correlational analyses were conducted to examine potential associations between Item Immediate and several measures of executive functions. These analyses revealed significant associations in both the MA+ and MA− groups (p<0.05, with the exception of letter fluency in the MA− group), and are summarized in Table 3 . The associations were observed in the expected directions and were characterized by generally moderate effect sizes.
Finally, correlational analyses were conducted in the MA+ group to investigate the association between MA-use variables and both Item Immediate and Total Learning performance. Notably, Item Immediate was significantly and positively correlated with Last Use of MA (greater value indicates longer time elapsed since last use), Spearman's 
Discussion
Given the global prevalence of MA dependence (Degenhardt et al., 2010) and its effect on everyday functioning (Henry et al., 2010) , it is important to understand the profile of neurocognitive deficits related to chronic MA use. The present study characterized visual memory performance among chronic MA users by demonstrating significant effects of MA dependence on strategic control of encoding and retrieval as compared to associative/cue-dependent processes, in accordance with a cognitive paradigm integrating frontal systems and memory functions (i.e., Moscovitch, 1992 Moscovitch, , 1994 . Specifically, significantly poorer performance of the MA-dependent group relative to the comparison group was observed on measures of learning (i.e., initial learning and total learning across multiple trials) and delayed free recall, but there was no evidence of rapid forgetting as indexed either through retention or recognition discriminability. Furthermore, the groups differed significantly on the Item Retrieval Index of the BVMT-R, which provides a direction comparison (i.e., a difference score) between recognition performance (lower strategic demand) and free recall (greater strategic demand) such that a higher score is indicative of a retrieval deficit rather than a purer deficit in encoding, which would manifest as impaired recognition memory performance. These data are concordant with Woods and colleagues (2005) , who reported that on a verbal learning and memory task, MA-dependent individuals evidenced deficiencies in the use of strategic, but not automatic, aspects of verbal learning and memory. Accordingly, these findings indicate that MA-dependent individuals have greater difficulty with higher-level control of visual memory processes, such as use of strategies to enhance encoding and retrieval of novel visual information. The results of this study thereby expand our understanding of the effects of chronic MA use on episodic memory, which had previously been largely based on evidence from verbal paradigms (Scott et al., 2007) . These specific findings regarding visual memory raise important questions about the clinical significance of these effects due to potential implications for everyday functioning. Indeed, a visual memory deficit may have several potential negative effects on a range of instrumental activities of daily living. Automobile accidents have been shown to be common among MA users (Logan, 1996) , and visual memory deficits have been linked to driving ability in Parkinson's disease (Uc et al., 2009 ) and multiple sclerosis (Lincoln and Radford, 2008) . Therefore, it is possible that the demonstrated pattern of visual memory deficits among MA-dependent individuals may have a role in increase risk for driving difficulties, including accidents. A related ability that may also be impacted by visual memory deficits is route finding, difficulty with which could interfere with an individual's ability to independently navigate while driving, as well as other modes of transportation (e.g., following a complex route using public transportation). Failure to successfully navigate to a variety of destinations could result in several other types of functional difficulties downstream, such as finding a new doctor's office, attending social engagements, or job interviews. Visual memory abilities are also required for many types of vocational activities, ranging from a more direct impact, as in the case of truck drivers and construction workers, to secondary influences that still interfere with job performance (e.g., efficient use of computers). Furthermore, poor visual memory may also increase difficulty with medication management, and failure to comply with a prescribed medication regimen has numerous potential health consequences, including poor outcomes for substance dependence treatment involving medication.
The present study also evaluated the hypothesis that a greater effect of lifetime MA dependence would be observed for an index of visual source memory (i.e., location) than visual item memory (i.e., figure) based on the purported role of self-initiated strategic processes in successful source memory performance. Although significant differences were observed between the MA+ and MA− groups for the Source Immediate score (i.e., location points awarded regardless of item accuracy), there was no meaningful interaction effect for this criterion in the context of item memory (as shown in Figure 1) . The lack of a group by task-type (Item Immediate versus Source Immediate) interaction, in addition to low prevalence of location errors in both groups, suggests that the group-level difference on the Source Immediate score was driven by the significant MA effect on item memory (i.e., Item Immediate). That is, the MA+ group recalled fewer figures than the MA− group across the learning trials (reflected in the Item Immediate score), but the low rates of Errors of Location in both groups suggests that figures that were recalled tended to be placed in the correct location in the array. These findings might seem to suggest that source memory is not impaired in MA dependence, but further study with different methodology is needed to fully evaluate this effect. Specifically, the scoring modification of the BMVT-R provided an approximation of item and source memory performance, but given that immediate item memory was evaluated with a recall task, the challenging nature of the task may have affected the findings. In most cases, those studies that have demonstrated a dissociation between item and source memory in frontal systems populations have used a recognition paradigm. Relatedly, the Item and TILA indices were highly collinear, suggesting that when an individual was able to correctly recall a figure, he/she was also able to recall the correct location of the figure in the array on this task. Furthermore, the structured item array (i.e., presentation of figures in a 2 × 3 grid) may have rendered the source (i.e., location) information too easy, further obscuring the interpretation. According to Chapman and Chapman (1978) , the relatively large variation in difficulty between these two tasks makes it difficult to assess a potential differential deficit. Consequently, we may have observed a greater MA-related effect on source memory indices if the figures were presented in a random scatter on the array, which would reduce the ceiling effect by placing greater organizational demand on the strategic aspects of visual learning and memory, thereby increasing the difficulty of this task. A paradigm such as this might also yield stronger evidence of a source deficit because participants are instructed to attend to both the item and source information (i.e., the figure and its location in the array), which addresses the consistent critique that demonstrations of the single dissociation between item and source memory were based on differential task types (intentional versus incidental) and levels of difficulty.
Further supporting the frontal systems hypothesis suggested by the overall profile of deficient strategic control of visual memory in MA users, significant associations (median effect size=0.31, interquartile range=0.26−0.40) were observed in the expected directions between item memory performance and measures of executive functions and working memory in the MA+ group. Specifically, significant correlations were evident between Item Immediate and errors on a test of logical analysis and new concept formation (Halstead Category Test), timed complex sequencing (Trail Making Test part B), rule-guided word generation (verbal fluency), prepotent response inhibition (Stroop Colour−Word), speeded working memory (PASAT), and cognitive flexibility (WCST-64 perseverations). These significant associations provide convergent validity for the hypothesis that Item Immediate deficits were driven by frontal systems dysfunction, which was based on evidence in the literature demonstrating the preferential impact of chronic MA use on frontal cortex and fronto−striatal circuitry via neurotransmitter (Cadet et al., 2005) , metabolic (Ernst et al., 2000; cf. Taylor et al., 2007) , and structural (Chang et al., 2005; Jernigan et al., 2005) alterations. A similar pattern was observed in the MA− group. However, it should be noted that we do not have evidence of divergent validity. Furthermore frontal systems are purported to work in concert with the hippocampus with regard to memory 
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functioning and some evidence for a MA effect on hippocampal formation integrity (including white matter pathways) has been presented (Thompson et al., 2004; Tobias et al., 2010) . Similarly, the posterior parietal cortex (PPC) has a role in visual processing and executive functions, and findings of MA-related structural changes (Jernigan et al., 2005) , alterations in regional cerebral blood flow (Berman et al., 2002) , and altered glucose metabolism (Hwang et al., 2006) in the PPC have been reported. Therefore the potential contribution of medial temporal or PPC dysfunction in visual item memory cannot be excluded. Given that no neuroimaging or biomarker data have been presented in relation to these findings, a limitation of the current study is that interpretations regarding regional brain involvement (i.e., fronto−striatal circuits) are necessarily inferential. Furthermore, the small effect observed in a relatively large sample raises that possibility that the high comorbidity of psychiatric and other substance use disorders in dependent MA users limits conclusions regarding a direct association between chronic MA use and item memory impairment. However, Item Immediate was significantly correlated with time since last MA use, which indicates that an independent MA effect was present. Given the presence of this signal, the present study used a non-MA-using comparison group that had comparable prevalence of MA abuse risk factors (e.g. HCV infection, major depressive disorder) in an effort to further temper limitations to interpretation of our results due to comorbidity. For those factors in which the MA-dependent group and the comparison group were not comparable (e.g., bipolar disorder, substance dependence) we statistically examined their potential effect using multiple linear regression analyses, which revealed that MA group status remained a significant predictor of those BVMT-R item memory measures that differed in the between-groups analysis (including Item Immediate and Delay, and the Retrieval Index at a trend level) when considered simultaneously with the other factors. Moreover, the groups performed similarly on the BVMT-R Copy trial, which suggests that our findings were not confounded by group differences in visuoconstructional ability. Thus, although we cannot entirely rule out the influence of these factors, there does appear to be strong evidence of a MA-related effect given this relatively conservative evaluation of potential confounds.
Importantly, post-hoc analyses of the association between item memory performance and MA-use indices potentially shed additional light on the effect of recency of use and possible recovery of function. Although there was no relationship between MA-use variables such as duration and quantity of MA use and the Item Immediate score, a statistically (and possibly clinically) significant association was observed for last use of MA, which indicates that greater duration of abstinence (i.e., last use was more remote) was associated with better item memory performance. Although it has been well documented that extended abstinence is associated with some degree of recovery of neural functioning (e.g., dopamine terminal functioning, metabolism, rCBF, and reduction in reactive microgliosis; (Hwang et al., 2006; Sekine et al., 2008; Volkow et al., 2001b; Wang et al., 2004) , there has been less consistent evidence that this recovery extends to improved neuropsychological functioning, including episodic memory (Wang et al., 2004) . The findings from the current study provide evidence that some aspects of the episodic memory deficit observed in MA-dependent individuals may improve with time; specifically, the retrieval deficit on a visual item memory index was reduced in those individuals with a greater duration of abstinence. Although cross-sectional in nature, this finding is consistent with the results of a longitudinal study of neurocognitive functioning among MAdependent individuals that demonstrated improved global neurocognitive performance after 1 year of sustained abstinence, such that the performance of the abstinent groups was comparable to controls whereas the MA-using group showed impaired performance (Iudicello et al., 2010) .
Evidence regarding the effects of recency of use on neuropsychological functioning is of considerable importance as it may have implications for the delivery of treatment. Given that cognitive impairment has been linked to poorer outcomes in substance abuse treatment (Fals-Stewart, 1993) , a better understanding of the relationship between potential recovery of neurocognitive functioning and duration of abstinence from MA may influence the timing of treatment administration in order to maximize positive outcomes. Furthermore, recent evidence shows that MA dependence is associated with decreased everyday functioning, possibly related to executive dysfunction (Henry et al., 2010) , further highlighting the importance of understanding the impact of MA use on cognitive functioning and facilitating appropriate treatment. As stated previously, impaired visual memory may have negative implications for important daily activities such as driving, route finding, employment, and medication management, and therefore these outcomes represent important future directions for research on MA-dependent individuals.
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